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Sir: 

Prior to exanunation, please amend the above-identified application as follows: 

IN THE CLAIMS : 

Please enter the following amended claims: 

10.- Device, as in claim 5, wherein flow regulation and two-way damping means (67) are inserted in the 
conduits fliat connect the central device with each of the hydraulic rams at the wheels, or in the conduits between 
hydraulic rams of conjugated wheels. 

14.- Device, as in claim 6, wherem some means are provided to introduce pressurized gaseous or hydraulic 
fluid in the central cavity, or drain it, with the purpose of varymg the average distance between the wheels and the 
vehicle bbdy. 

REMARKS 

Entry and consideration of this Amendment is respectftdly requested. 
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APPENDIX 

VERSION WITH MARKINGS TO SHOW CHANGES MADE 

IN THE CLAIMS ; 

The claims are amended as follows: 

10.- Device, as in claims 5-^f-6, wherein flow regulation and two-way damping means (67) are inserted in | 
the conduits that connect the central device with each of the hydraulic rams at the wheels, or in the conduits between 
hydraulic rams of conjugated wheels. 

14.- Device, as in claim 6 an d 8 , wherein some means are provided to introduce pressurized gaseous or j 
hydraulic fluid in the central cavity, or drain it, with the purpose of varying the average distance between the wheels 
and the vehicle body. 
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ANTIROLL AND ANTI-PITCH SYSTEM FOR A VEHICLE. AND 
DEVICE FOR ITS IMPLEMENTATION 

PKSORIPTION 

5 

FteklQfthetfwentton 

%_ This invention relates to an anthx^l and anti*pit<^ system for a 

P vehi(^, and to the devices for H$ inq)lemmtation, spedfically a system to 

10 be applied to vehicles proved with wheeling sets, specially four of ttiem, 
C 3 each constituted by one or more wheels, such system that cooperating with 

the vehicle suspension system or substituQng it, allows that the wheeling 
sets keep contact with the ground and an even distribuUon of load even In 
the case of uneven terrain, being such wheeling sets related two to two in 
IS diagonal direction, in such a way that the loads created by the vertical 
movements of one of the wheeling sets are transmitted to the opposite 
wheeling set in order to transmit such a force that creates a similar 
movement in the vertical direction of such wheeling set, so as that 
cooperating with ttie suspension of tfie vehicle or sul>stituting it, allow that 
20 ail lAAieeis l^eep conteict with the ground even if it Is Irregular and do not 
induce unwanted effecte'on an uneven teirain. 

Vehicle suspension Is bi^lt mainly with coll springs and resilient 
elements that bear (he vehicle body, transmitSng its weight and the inertial 
forces to the wheeling sets, providing the means to absorb the shalies 
25 CBis^ by the travef of tfie vehicle over the road Inregularitles. Such springs 
and ^asHc elements are accompanied vM\ shock at>5orbers in order to 
model the sprung movements and avoid prolonged osciilatk>ns. 

In addition to absorbing vibratons or shocks from the road surface, 
a vehide suspension must provide security of ride, keeping an optimal 
30 position in the straight trajedory, and vehicle security during cornering. 

Vehicle stability is strongly related vinth the oscillations of the vehicle 
body Btong its course, or when rt experiences roll, heading and siAn 
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movements in addition to ret)ounds. Such oscHiaticms have to be absorbed 
to increment the stability and comfort of vehicle ride. 

State of the ^rt 

5 

Stabilizing bars are well-known means used to control the roll 
naturally generated v^en the a vehicle is in operation. 

Conventional anti-roU system uses a stabinang bar that has a small 
resilient component to get flie adequate comfort along the ride, but then ft 
10 cannot accomplish its purpose satisfadorily when the vehicle tums, being 
this caused by the centrifugal force generated y/^en comering. 

On the contrary, if the anti-roll bar is very stiff, it will interfere with 
the suspension system and will deteriorate the comfort of the vehicle ride. 

We have knowledge of existing U.S, patents 2,540^387 in v^ich the 
I'j 15 forces created in a vehicle wheel as it turns are transmitted by two tie-rods 

to the diagonally opposed wheel* which reproduces the force in the same 
direction, 3,147.990 in which the wheels on one side of the vehicle are 
connected to each other and to tfiose on flie other side by means of torque 
arms, 3,992.026, where right and left torsion bars that generally extend fn 
20 the longitudinal direction, interconnect the right and left sides of existing 
front anti-roll bar wHh right and left rear suspension amis respectively, 
5-505.479 where two front suspension tower arms transversally aligned 
t>etween opposite front and rear wheels, and related between tiiem by a 
resilient element located longitudinally, all this v^th the purpose of 
25 transfonning tie verb'cal movements of the wheels into a rotary motion as 
seen from the front of the vehicle, and 5.882,017, where a perpendicular 
connecting rod coupled to the vehlde and a pair of articulating element 
that link such connecting rod to flie front wheels, including a pair of travel 
iimite selectively actuated that communicate with the central part of such 
30 connecting rod. 

We also have knowledge of patents ES 2110 509 In which the 
forces created in one wheel are transmitted hydraufically to the diagonally 
opposed wheel, using double-effect hydrauBc oySinders, WO 95/23076 In 
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Which, similar to the above* the forces created in one wheel are transmited 
to ttie diagonally opposed wheel by means of double-effe^ ^nders and. 
fn one case, the smgle-effect cylinders connect the wheels on one side to 
each other and to a central device, FR 1.535.641. US 3,762.497 and US 
5 5.447-332 where dout^ acting hydraulic rams are used on each vi^eel 
related two-to-two, having ttie last two patents a central device that relates 
the four wheels and Includes a double or triple hydraulic cylinder where 
some linked pistons move in the same (Erection. 

10 Summafy of the inventfon 
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Alt known ariti-rolt devicds tnterfere at certain e^dent with the existing 
suspension, as they have to show a critical resiliency to suit stabiiity and 
adaptabliity to uneven terrains. 

Therefore, it is desired an anti-roll system, and also an anti-pitch 
5 device that would not interfere in geometric terms with the existing 
suspension system, and that can cooperate with or substitute it b^ng able 
to show an arbitrary rigidity without compromising the vehicle slabilify. 

V^sth such premises, tt has been developed the anH-roil and anti- 
pitch device for a vehicle ttial constitutes the object of present invention, 

10 consisting this device in the arrangement between the wheeRng sets 
related through interaction means that receive the effect from one or more 
wheeling set and adequate them before transmitting it to the other wheeling 
sets in order to maintain a uniform load distribution of the w^ght and 
reduce the vehicle pitching and rolling. 

15 The invention assumes that the transmission of the forces created 

by the vertical movements from one wheeling set to the diagonally opposite 
one implemented through mechanical means able to resiliently resist 
forces of traction, compression, torsion and flexion, Uirough hydraulic 
means, through pneumatic means or through electrical or electronic means 

20 used to command servo actuators on each wheel, being these means 
considered either separately or any of their combi nations. 

According to the above-mentioned possibilities of implementing the 
system, the Invention includes several cases of proper devices to 
implement the current system. 

25 As in ttils invention, an antl-roil and anti-pitch device for a vehicle 

comprises a receiving element that associated with a first whoeling set of 
the vehicle, transnrrits ttie wheel verUca! movements to a direct transforming 
element that converts them Into horizontal movements, virtiich in turn, 
through an inverse transfonming etement, ttiese horizontal movements are 

30 converted Into verHcal movements tfiat take effect onto a second wheeling 
set diagonalty opposed to fte linst, causing a vertical movement analogous 
to the one in the first wheeling set 
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In all these cases, the direct transforming element is related with the 
inverse transforming element by means of a transmission element that can 
be mechanical, hydraulic, pneumatic or electric. 

One characteristic of this invention is the case where receiving and 
actuating elements are made of a rod connected on one end to one 
wheeling set through a universal joint, while the other end is articulated to a 
direct transforming element in the receiving end case, and to an inverse 
transforming element in the case of an actuating element. In this case, the 
direct transforming element is a first kind angled connecting rod, and the 
inverse transforming element is a second or third kind angled connecting 
rod, which pivot points are supported by the vehicle body through bearings. 

According to this invention, the transmission means between pairs 
of direct and inverse transforming elements are made up by a rigid bar, 
connected at its ends with each transforming element. It has been 
anticipated too that the transmission means can be made of two flexible 
stays, in which case the two transforming elements are made of three arms 
connecting rods shaped as "T", with the pivot point near the intersection, 
the stays connected to the two ends of the shorter arms, and the third arm 
of both transforming elements working in the vertical direction. 

It is also a characteristic of this invention that the resilient elements 
connected to the transmission elements are connected to the the vehicle 
body through an articulated balance beam, in such a way that the its ends 
are connected to the resilient elements and the center is joined to the 
vehicle body. 

Another characteristic of this invention is that the receiving and 
actuating elements can be the rods of pistons of single effect hydraulic 
rams, which are in turn the direct and inverse transforming elements, 
related through hydraulic conduits. 

In one case, the hydraulic circuit is constituted by the two single 
effect hydraulic cylinders, which are the direct, and inverse transforming 
elements, and a hydraulic conduit that includes an inserted actuating 
device to keep the pressure in the circuit. 



It is also a characteristic of this invention that when each receiving 
and actuating device is made up of single effect rams, the direct and 
Inverse transforming elements are organized through interaction means 
made up of a central device built as a hydraulic ram containing two 
opposed concentric pistons with same areas each, and a spring or 
pressurized fluid acting in between of them, having each cylinder end a 
coaxial cylindrical compartment in correspondence with the active sections 
of such pistons, having each compartment a connection with the respective 
receiving or actuating element. 

There is another preferred implementation where the interaction 
means that are related with each pair of wheeling sets is built as a central 
hydraulic device made of three concentric coupled cylinders, closed at the 
ends of the set, where the central cylinder is of a larger diameter, and the 
two cylinders at its sides are both of equal diameter, having inside the 
cylinders two double-pistons, with no external rod, and one larger piston 
found inside the central cylinder, and a smaller piston in one of the smaller 
cylinders, in such a way as to determine five cavities: one central cavity, 
and two pairs of cavities at each side of the device separated by the 
smaller diameter pistons, being the double cavities at each end of the 
device connected respectively to the hydraulic conduits corresponding to 
hydraulic single effect rams at each diagonally opposed wheeling set, while 
the central cavity is connected to an actuating device built with resilient 
means and/or a fluid susceptible of being connected to an expansion 
chamber that opposes to the two double pistons getting closer to each 
other. 

Another characteristic of the invention is that the central device 
central cylinder has an area approximately double to the areas of each side 
cylinder. 

It is evident that with the appropiate modifications, such hydraulic 
elements can be adapted to become of pneumatic type. 

The invention anticipates that the resilient means in the central 
cavity are actually provided by two elastic elements, each actuating 
independently on each of the larger pistons that close such central cavity, 
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SO the central hydraulic device is divided in two halves related through an 
additional conduit provided of flow regulation means. 

Each double piston in the central hydraulic device can be built from 
two or more conventional pistons, linked with each other although actuating 
5 each one on independent hydraulic single effect rams, in such a way that 
the two or more new cavities of the new cylinders come to substitute the 
two pairs of cavities formerly separated by each piston of smaller diameter 
following the diagonal scheme, and linking the two groups of pistons 
through a resilient element acting as the former central cavity. 
10 The invention contemplates the following facts: 

a) Hydraulic fluid regulation or damping devices are inserted 

in the hydraulic conduits from the central device to each 
hydraulic ram linked to the wheeling sets, or in between 
the cylinders associated to conjugated wheeling sets. 
15 b) The central cavity, the two pairs of side cavities, the 

conduits that connect these with the hydraulic rams at 
each wheeling set, or the hydraulic cylinders can be 
connected to one or more expansion pneumatic chambers 
through electro valves. 
20 c) The four conduits that connect the double side cavities 

from the central hydraulic device to each hydraulic ram at 
the wheeling sets is susceptible of being communicated 
through devices that allow a limited volume flow 
depending on the pressure differential between the 
25 conduits, being these devices preferably applied between 

conduits to wheeling sets at the same side of the vehicle. 
It is also possible to provide the means of introducing pressurized 
hydraulic or gaseous fluid in the central cavity, or drain it, with the purpose 
of varying the average distance between the wheels and the vehicle body. 
30 For this purpose it can also be used a mechanical device to provide a thrust 
between the two larger diameter pistons found in the central cavity of the 
central hydraulic device. 
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Brief descripfion of the drawings 

FIG. 1 is a diagrammatic r^resentation of the anti-roii and anfi-prtch 
suspension device for a vehicle- 
5 FIG- 2 is a diagrammatic representation of the device that relates 

two diagonally opposed wheels through a single push-pull strut 

FIG. 3 is a diagrammatic representation of the device that relates 
^ two diagonally opposed wheels through a single torsion bar, 

M FIG. 4 Is a diagrammatic representation of the device that relates 

J: 10 two diagonally opposed wheels through an articulated torsion bar. 

^ FIG. 5 IS a diagrammatic representation of the device that relates 

- two diagonally opposed wheels tiirough a pair of pull-only flexible stays. 

Q FIG. 6 is a diagrammatic representation of the device that relates 

^ two diagonaUy opposed wheels tfirough single effect hydraulic rams 

7 Is a diagrammatic representation of the device ttiat relates 
|3 two diagonally opposed wheels through servo actuators and an 

' etecfrfcal/electronic circuit 

FIG, 8 is a diagrammatic perspective representetion of tfie 
transverse configuration for the wheels torsion bars related diagonally in 
20 pairs through two transmission bars crossing over at some point 

FIG. 9 is a diagrammatic perspective representation of rear side of 
configuration showed In RG. 8 where such transmission bars are 
connected to the vehicle body through Independent resilient elements. 

FIG. 10 is a diagrammatic perspective zoomed representation of the 
25 resilient elements in FIG. 9. 

FIG. 11 Is a diagrammatic representation of a configuration similar 
to FIG- 9 where tiie Independent resilient elements are placed at a mid 
point of the transmission bars. 

FIG- 12 Is a diagrammatic zoomed perspective representation of the 
30 configuration of FIG. 11. 

FIG. 13 Is a diagrammatic representation of a detail like FIG 12 
where tfie two resilient elements are not independent and are related 
through a balance beam. 
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FIG. 14 is a diagmmmaflc representation of a detail like FIG 10 
where the two resilient elements are not Independent and are related 
through a balance beam. 

FIG- 15 is a diagrammatic perspective representation of transverse 
5 o^nfiguration based on torsion bars where the transmission bars are 
equally crossed and connected through a common resilient element in this 
case under compression. 

FIG. 16 fs a diagrammatic perspective representation of a 
longitudinal configuration based on torsion bars where the transmission 
10 bars are located transversely. 

FIG. 17 is a diagrammatic perspective representation of a 
configuration for a four-wheel vehicle based on torsion bars related through 
crossed transmission connected to a common resilient element 

FIG, 18, 19 and 20 are is a diagrammatic perspective and zoomed 
15 representations of details of FIG 1 7. 

FIG. 21 is a diagrammatic representation of a hydraulic device with 
simple effect rams applied to Hie four vehicle wheels. 

FIG. 22 Is a diagrammatic representation of a hydraulic device with 
simple effect rams applied to the four vehicle wheels. 
20 FIG. 23 represents a section of tiie inq>iementdtion of the central 

hydratriic device found in previous PIG. 22. 

FIG 24 represmts a perspective section of tiie Implementation of 
the centra! hydraulic device found in FIG 22 and 23. 

FIG 25 is a diagrammatic representation of an alternative 
25 implementation of the central hydraulic tiiat has is ftinctionally equivalent to 
the device represented in FIG 22 and 23. 

FIG 26 is a diagrammatic representation of multiple expansion 
diambens tfiat allows tiie adjustment of suspension stiffness. 

FIG 27 is a diagrammatic representation of limited volume tranter 
30 to be inserted between two hydraulic drcuits. 
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The prc^osed anti-rtHi and anti-pit<^ suspension device relates, as 
represented {n FIG 1, the pairs of dlagonaily exposed vehide wheels, in 
such a way &iat the forces created t^y the vertical movements of one of 
Uiem are transmitted to the con^gated wheel m order to communicate a 
5 force that determines analogous movements In tiie same vertical direction. 

FIG 1 shows the front-left wheel A, front-right whe^ B, rear-left 
wheel C and rear-right wheel D. The proposed system relates wheels A 
witti D. and wheels B with D. 
n The axis of each wheel A, B, C and D is linked wth a rigid element 

10 1 , which in turn Is connected on wheels A and B to first kind connecting 
jjj rods pivoBng on 3, and on the other wheels to second or third connecting 

2;-J rod 4 pivoting on 5, being each connecting rod 2 related vrith connecting 

ry.. 

rod 4 diagonally opposite through a transmission element 6. 

FIG. 2 shows how a vertical force FB created by the terrain 
fij 13 irregularities on tiie element 1 of wheel B Is transformed through the 

conresponding connecting rod 2 Into a non vertical force F that goes to the 
corresponding connecting rod 4 and gets transformed Into a vertical force 
FC analogous to FB In direction and intensity. 

The transmission of forces determined by the vertical movements In 
20 any of the two wheels of a diagonally opposed set is carried through 
medianlcai means able to reslllently resist traction, compression, torsion 
and flexion forces, hydraulic and/or pneumafic means, and electric and/or 
electronic means that actuate throi^h actuators on each wheel. 

In general, this system can be Implemented through a de^dce as 
25 described below following again FIG 2. 

The device has a rigid element 1 that related with a lirst vehicle 
wheel B transmits its verUcal movements FB to a direct transfbmiing 
element such as connecting r<Kl 2 that tt^nsforms ttiem Into horizontal or 
non-vertical movements, yAxxcki in turn are transmitted through the elements 
30 6 into an inverse Irarisfomiing element such as connecting rod 4 that 
transforms these horizontal movements into vertical movements of ttie rigid 
actuating element 1 of a diagonally opposite second wheel C, subject tt\en 
to a verticsd mpvement analogous to tiie first wheel. 
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We have named receiving element or actuating element to the 
same rigid element 1 , using the first meaning when this is the element that 
receives the terrain irregularity, and the second meaning when it actually 
transmits the movement to the wheel, so on both wheels receiving and 
actuating elements are the same. Analogously we can apply the same 
convention to the inverse and direct transforming elements. 

In one of the Implementations of this device, the rigid elements 1 
acting as receiving or actuating element, are made up by an articulated 
connecting rod, linked through a joint 7 to one wheel at one end, and throng 
a second joint 7 to a direct transforming element in the other end, being this 
transforming element made of a first kind angled connecting rod 2 when the 
rigid element 1 works as a receiver, and an inverse transforming element 
made of a second or third kind angled connecting rod 4 when the rigid 
element 1 works as an actuator. 

The transmission means 6 are made up by: a rigid bar linked at 
each end to the transforming elements 2 an 4 as seen in FIG 1 and 2; a 
one-piece torsion bar 8 linked to the vehicle body at point 9 such as in FIG 
3; by a torsion bar articulated through universal joints 10 as in FIG 4; and 
by two flexible pull-rods 11 as in FIG 5, where the two transforming 
elements are made of "T" shaped connecting rods 12 of three arms 
pivoting on 3 near the intersection, being the ends of the aligned arms 
connected to through joints 7 the ends of the crossing pull-rods 1 1 , in such 
a way that the third arm actuates along the same vertical direction at each 
rigid element 1 working as receiving or actuating elements. 

Another implementation of the invented device, as seen in figure 6, 
the rigid elements are the rods 13 connected to the pistons 14 of single 
effect hydraulic rams 15 mounted through a joint 15A to the vehicle body, 
being such pistons the direct and Inverse transforming elements as shown 
in FIG 6, where the hydraulic rams 15 are related through conduits 16 that 
have an actuating device 17 that using hydraulic rams 18, elastic elements 
19 and/or pneumatic means 20 keep the pressure in the circuit. 

FIG 7 represents the case where each wheel has a conjugated pair 
of a servo actuator 21 related to a control unit 22. 
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. As seen fn FIG 8, direct and inverse transforming elements are 
made of torsion bai^ 23 with an arm 24 at each end; one connected lo one 
wheti support 25. and the other to a transmission element 26. SiK*t 
transmission elements 26 cross over in order to diagonally relate each 
5 conjugated pafr of lA^eeis. 

As seen in FIG 9 and detail FIG 10, each transmission element 26 
is connoted to the vehicle body through an Mastic element such as a coll 
spring 27 piaced between two brackets, one 28 fixed to tfie vehicle, and me 
other 29 fixed to the end of the transmission element 
10 The placement of coH sprir^s 27 can be Implemented as indicated 

In FIG 11 and 12, where the transmission elements 26 are made of two 
segments 26A and 26B joined at a plate 30 attached to a coll spring 27, 
Such spring is mounted between two brackets 28 and 29, ttie later fixed to 
a crossbeam 31 mounted on the vehicle body, having two rods 32 as a 
15 guide for the coil springs 27 and pushing ends 33 applied to the plates 30 
that pass loosely through. 

FIG 13 shows a configuration where the two coil springs 27 linked to 
the transfonning elements 26 are related with the vehicle body through the 
bafance beam 34, (Inked to the vehlde body tiirough an axis going tfirough 
20 the pivot point 35, and to the rods 32 at its ends, having like the previous 
case pushing ends 33. 

FIG 14 shows a different configuration for balance beam 34 that has 
the brackets 28 and 29 at the ends of its amis with coil springs acting under 
compression like In FIG 9. 
25 FIG 15. as in previous figures, shows the layout of the transfonning 

elements 23 witii a single compressing spring coil 27 that links the two 
crossing transmission elements 26 arranged in two parallel planes. 

FIG 18 shows a layout where the direct and inverse transforming 
axis are amanged longitudinally in respect to ttie vehide, and the 
30 transmission elements 26 are (tossed In the transverse direcflon. having 
one single coil spring 27. 

FIG 17 Is a representation of a mechanical layout similar to FIG 15 
where the transmission elements 26A and 26B are arranged on the same 
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plane, side by side through the single coil spring 27 mounted between the 
brackets 37, each of them joined to fixtures 38 and 39 each linked to one 
transmission element 26A and 26B as shown in the detail view 19 

As it can be seen in figures 18 and 20, the transmission elements 
26A and 26B are crossed over by means of the connecting arms 23, so the 
arm 24B is related to arm 24C, and arm 24A to arm 24. 

In this invention, the elastic elements connected to the vehicle body 
can be mounted on one or two mechanic, electro mechanic or hydraulic 
actuating elements such that their movement in respect to the vehicle body 
varies its height in respect to the ground; the balance beam axis can be 
mounted on one or two mechanic, electro mechanic or hydraulic actuating 
elements such that their movement in respect to the vehicle body varies its 
height in respect to the ground; and the central resilient element can have a 
mechanic, electro mechanic or hydraulic actuating element able to move 
one of the resilient element fixtures, in such a way that varies its effective 
length, and by so varies the height of the vehicle in respect to the ground. 

FIG 21 shows a variation where each receiving and actuating 
element of the two pairs of vehicle wheels is made up by the rods 40 of 
pistons 41 of single effect hydraulic rams 42, the direct and inverse 
transforming elements are arranged in a unique central hydraulic cylinder 
43 containing two free moving opposed pistons 44 showing active areas 45 
equal and concentric, and are subject to an internal actuator made of a coil 
spring 46 and/or pressurized fluid 47, showing each piston outer side a 
cylindrical and coaxial compartment 49 and 50 that correspond to the 
active sections of such pistons, being each compari:ment 49 and 50 a 
connection 51 towards the conresponding receiving and actuating element 
40. 

In the above implementation, the active central section of free- 
moving pistons 44 can be eliminated, acting as active area the inner face 
where the coil spring is applied. 

The actuating devices can be made up with a pair of single effect 
hydraulic rams as in FIG 6, with a common acting force. Such two cylinders 
can be concentric and of equal active area, be made up from three 



cylinders where one is equivalent to the other two, or four equal rams 
arranged at the ends of a cross. 

FIGs 22 and 23 represent a variation where the central hydraulic 
cylinder 43 is made up joining three hollow concentric cylinders, with a 
central cylinder 57 has a larger diameter, and the side cylinders 53 are the 
two equal and of smaller diameter, closed at their free ends 54. Inside such 
hollow body there are two free moving double pistons 55 made up one 
larger diameter piston 55A placed inside the larger central cylinder 52, and 
a smaller piston placed inside the corresponding end cylinder 53, thus 
determining one larger central cavity 56 associated to the central cylinder, 
52, two smaller intermediate cavities 57 and 58, and two smaller ending 
cavities 59 and 60 associated to the side cylinders 53, all cavities 
connected in such a way that the smaller intermediate cavities 57 and 58 
are respectively communicated with the simple effect hydraulic ram 42 for 
wheels B and A, white the smaller end cavities 59 and 60 are respectively 
communicated with the simple effect hydraulic ram 42 for wheels C and D, 
and the central cavity 56 has an actuating device made of resilient means 
such as pressurized fluid, coil spring or rubber-like body, the two last cases 
not represented in the figure. One preferable implementation of such 
central hydraulic device 43 is shown in figures 23 and 24. 

Preferably, the area of the central cylinder 52 is approximately 
double the area of each side cylinders 53 

The resilient means used in the actuator in the central cavity can be 
made of a double resilient element that independently pushes pistons 55A 
that close such larger central cavity 56. Another possibility is to divide the 
central hydraulic device 43 in two halves that can be related through an 
additional conduit that has means to regulate the flow of the fluid. 

FIG 25 shows an arrangement of the central hydraulic cylinder 43, 
where each double piston 55 is made of two or more related pistons 63 in 
single effect hydraulic independent rams 64, with the purpose of two or 
more cavities of these new cylinders can substitute the two intermediate 
smaller cavities 57 and 58 and end cavities 59 and 60 that are separated 
by the smaller diameter pistons 55B, being all hydraulic conduits connected 



-14- 



following the exposed diagonal arrangement, and relating all the rods of the 
two groups of pistons 63 through a resilient element 66 acting as the 
actuating device used in the larger central cavity 56. 

FIG 22 shows how two-way regulation or damping devices 67 are 
inserted in the pipes connecting the central hydraulic device with all simple 
effect hydraulic cylinders 42 associated with the wheels. Additionally, the 
larger central cavity 56, the smaller intermediate cavities 57 and 58, the 
end cavities 59 and 60, the hydraulic conduits 61 that connect these with 
the hydraulic rams 42 associated to each wheel and the very hydraulic 
rams 42 are connected to one or several pneumatic expansion chambers 
68 that can be disconnected through electro valves 69 such as these 
represented in FIG. 26. 

On the other side, the four mam hydraulic conduits 61 that connect 
the smaller cavities 57, 58, 59 and 60 of the central hydraulic device 43 
with the simple effect hydraulic rams 42 associated to the wheels are 
susceptible to be connected among them through devices that allow the 
flowing of a limited quantity of fluid depending on the pressure differential 
between the hydraulic conduits. This communication is preferably applied 
between hydraulic conduits from wheels of the same side of the vehicle. 
FIG 27 shows this device made up with a free-moving piston 70 between 
two coil springs inside cylinder 71 . 

It has also been anticipated having means to provide pressurized 
hydraulic or gaseous fluid or drain it from the larger central cavity 56 with 
the purpose of varying the average distance between the vehicle body and 
the wheels. The same result is obtained including a mechanical device that 
pushes the two larger diameter pistons 55A placed in the central cavity 56 
in the central hydraulic device 43. 

Therefore cavity 56 can include one or various resilient elements 
that have one or various mechanical, hydraulically or electromechanical 
actuators that can vary the average distance between the vehicle body and 
the ground. 

Additionally it has been anticipated that each hydraulic conduit 61 is 
derived into one or more devices with a variable volume cavity such as that 
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the circuit pressure increases, it compresses a resilient or pneumatic 
element tliat facilitates the entry of hydraulic liquid in the cavity. 
Analogously, each hydraulic conduit can have one or more regulating 
devices or valves, passive or active for the hydraulic fluid. 

This invention anticipates that one or more wheels are substituted 
by sets of wheels, each w^el has one single effect hydraulic ram, and all 
rams communicated amohg them and with the hydraulic conduit of the 
wheel set corresponding to the central hydraulic device. Such substitution 
can be applied to a caterpillar device. 

The invention also contemplates the fact that when the wheeling 
sets are made up of more than one wheel, each with the corresponding 
single-effect hydraulic ram, all the hydraulic rams are connected to each 
other and to the hydraulic central dvice through the conduit corresponding 
to such wheeling set. 
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CLAIMS 

1-- Anti-ron and antl-pltch device for a vehicle, specifically to be applied 
to vehicles with wheeling sets, specially four, each wheeling set made up by 
5 one or more wheels, such device that cooperating with the suspension of the 
vehicle or substituting It. allows that the wheeling sets keep contact with the 
ground and a unrfomn load distribution even with an Irregular terrain and 
comprise receiving element (1) associated with one wheeling set transmits its 
vertical forces to a direct fa^nsfbmriing element (2) from these vertical forces 
10 Into horizontal forces, which in tum are transmitted to an inverse transfomiing 
J element (4) from the Iwrizontal forces into vertical forces that operate on an 
actuating element (1) associated to a second wtieeling set diagcmatly opposite 
In respect to the first wiiere it creates a vertical force analogous to he fomier 
in ttie first wheeling set, characterized by the connection of such transmission 
15 means to the vehicle body through a resilient element (27) that together with 
the frasmission means resiliency provides the suspension main resilient 
component. 

2. - Device, as in claim 1 wherein the resilient elements connected to 
the transmission means (26) are connected to the vehicle body through a 

20 balance beam (34) in such a way that the ends of this beam equal arms are 
connected to each resilient element (27), and the central axis (35) is 
connected to the vehicle body. 

3. - Device, as in daim 1 . wherein the direct transfomning elements (23) 
are placed on the wheeling sets of one side of the vehicle, and the Inverse 

25 transfwrning elements are placed In the wheeling sets of ttie ottier dde of the 
vehicle, having a resilient element (27) that connects the two transmission 
means (26) In such a way that together with the transffonning element and 
transmission means resiliency, it provides the suspension main resiliency 
component. 

30 4.- Device, as claimed in claim 1, wherein the vertical forces detected 

in the wheeling sets work on an electronic interaction means (22) wtiere the 
fiansmissk>n means are electrical conduits that operate the servo actuators 
(21) indivktuaiiy related wiQ^ the wheeling sets. 
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5 - Device, as claimed In claim 1, wherein the transmission means of 
• forces are hydraulic circuits connected to single effect hydraulic rams on each 

dyagonally oposed wheel, with each conduit connected to a pneumatic cavity 
as to provide some resilient component individual to the wheel, and a central 
5 device that allow parallel forces of the hydraulic fluid, which forces are 
transmitted to a central resilient element conected to the vehicle t)ody that can 
be a third pneumatic cavity or a resilient component, tiiat together with the 
trasmission means resiliency provides the suspension main resilient 
component 

10 6.- Device, as claimed In dalm 5 wherein the two central devices are 

connected through a conduit or built tojgether so as to connect the two resilient 
elements that operate on the two sets of diagonal transmission elements In 
U such a way that the twp central resilient elements act together, and with the 

^ resilient elements on eat*i single effect ram connected to the wheels of the 

nj 15 vehicle. 

7. - Device, as In dalm 5. where the central deA^ce is made up by a 
longitudinal set of two holbw concentric and coupled cylinders (52 and 53) of 
different diameters, closed at the ends (54) of that set, finding inside one free- 
moving double piston (55) with the larger diameter piston (65A) Inside the 

20 larger central cylinder, and the smaller diameter piston (55B) in the 
corresponding smaller cylinder (53) therefore determining three cavities, one 
central cavity, and two side cavities being the smaller and central cavities 
connected to the hydraulic conduits (61) corresponding to the single effect 
hydraulic rams (42) of two diagonally opposed wheeling sets, while the side 
25 cavity on the larger cylinder incorporates an operating device made up of 
resilient elements (46) and/or a fluid (62) susceptible of being communicated 
with an expansion chamber (56) that opposes to the vertical movements of 
the diagonally oposed pistons get doser. 

8. - Device, as in dalm 6, where the two central devices are built 
30 together on a hydraulic central device (43) made up by a longitudinal set of 

three hollow concentric and coupled cylinders (52 and 53) closed at the ends 
(54) of that set, where the central cylinder (52) Is of larger diameter and the 
side cylinders (53) are both equal and of a smaller diameter, finding inside two 
free-moving double pistons (55) with one larger diameter piston {55A) inside 
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the larger central cylinder, and one smaller diameter piston In the 
^ corresponding side cylinder (53) therefore determining five cavities (56, 57, 

58, 59 and 60), one central cavity, and two double cavities at each side of the . 
set separated by the smaller diameter pistons, being these double cavities at 
5 the ends connected to the hydraulic conduits (61) corresponding to the single 
effect hydraulic rams (42) of two diagonally opposed wheeling sets, while the 
central cavity Incorporates an operating device made up of resilient elements 
<46) and/ora fluid (62) susceptible of being communicated with an expansion 
chamber (56) that opposes to such pistons get closer. 
10 9.- Device, as in claim 7, wherein each double piston (55) in the central 

h hydraulic device (43) is substituted by two o more conventional pistons, linked 

with each other but working in independent single effect hydraulic rams In 
such a way that two or more cavlUes of the new rams come to substitute 
qavities (57-59 and 58-60) that were separated by each smaller diameter 
15 piston (55B), connecfing then to the hydraulic conduits (61) according to the 
diagonal layout, and Joining the two groups of linked pistons through a resilient 
element (66) working as the central cavity means (56). 

10. - Device, as in claims 5 and 6, wherein flow regulation and two-way. 
damping means (67) are inserted In the conduits that connect the central 

20 device with each of the hydraulic rams at the wheels, or In the conduits 
between hydraulic rams of conjugated wheels. 

11. - Device, as in claim 8, wherein the central cavity (56), the double 
side cavities (67-59 and 58-60), the conduits (61) between these cavities and 
the hydraulic rams (42) at the wheels and such hydraulic rams are connected 

25 to one or more pneumatic expansion chambers (68) through electro valves. 

12. - Device, as in claim 8, v\rtiereln each conduit (61) between the 
hydraulic central device double side cavities and the single effect hydraulic 
rams (42) at the wheels can be connected to each other through devices (70, 
71 sand 72) that allow a limited volume flow depending on the pressure 

30 differential between such conduits 

13. - Device, as in claim 5, wherein the connection between conduits Is 
preferably applied to conduits to v^eels of the same side of the vehicle 
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14.- Device, as in claim 6 and 8, wherein some means are praftrded to 
introduce pressurized gaseous or hydraulic fluid in the central cavity, or drain 
it, with the purpose of varying the average distance between the wheels and 
the vehicle body. 

5 16,- Device, as in claim 8, wherein a mechanical device provides the 

thrust between the two larger diameter pistons found in the cental ca>rity of 
the central hydraulic device. 

16. - Device, as tn claim 8, v\rtiereln one or more devices provided with a 
variable volume cavity (61) are shunt connected to each hydraulic conduit 

10 such as that flie drcuit pressure increment compress a resilient or pneumatic 
element that allows fluid enter into such cavity. 

17. - Device, as claimed in 8, wherein one or more devices (67) or 
passive or active regulating valves are inserted In each hydraulic conduit. 

18. - Device, as claimed in 1, wherein some wheeling sets are 
IS substituted by a device that allows travelling movements such as caterpillars 

or tractor vehicles. 
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ANTIROLL AND ANTI-PITCH SYSTEM FOR A VEHICLE, AND DEVICE FOR 

ITS IMPLEMENTATION 

This antiroU and anti-pitch system for a vehicle, and the device for Its 
implementation that cooperates the vehicle suspension or substituting it, allows that 
the wheeling sets keep contact with the ground and a uniform load distribution even 
when the case of an irregular terrain, being such wheeling sets related two-to-two in 
a diagonal anrangement through interaction means that receive the thrust of one or 
more wheeling sets and adapt them to transmit them to the other wheeling set, with 
the purpose of maintaining the uniform load distribution and reduce the roll and 
heading of the vehicle. 

The vertical forces detected in the wheeling sets work through mechanic, 
hydraulic or electric means made up by mechanic resilient elements, hydraulic and/or 
pneumatic elements and electronic devices. 
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DECLARATION AND POWER OF ATTORNEY FOR UTILITY OR DESIGN PATENT APPLICATION (37 CFR 1.63) 

As a below named inventor, I hereby declare that: My residence, mailing address, and citizenship are as stated below next to my 
name. I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is claimed and for which a patent is sought on the invention entitled: 
' AHTIROLL AND ANTI^PITCH SYSTEM FOR A VEHICLE, AND DEVICE FOR ITS IMPLEMENTATION 



the application of which 
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OR 



was filed on ^^^^ ^000 as United States Application 

Number or PCX International Application Number PCT/ESOU/ 00277 
(Confirmation No. _: 



_ ), and was amended on 
(if applicable). 



I hereby state that I have reviewed and understand the contents of the above identified application, including the claims, as amended 
by any amendment specifically referred to above. 

I acknowledge the duty to disclose information which is material to patentability as defined in 37 CFR 1.56, including for 
^ continuation-in-part application(s), material information which became available between the filing date of the prior application and 
J the national or PCT international filing date of the continuation-in-part application. 

1 I hereby claim foreign priority benefits under 35 U.S.C. 1 19(a)-(d) or (f), or 365(b) of any foreign application(s) for patent, inventor's 
J or plant breeder's rights certificate(s), or 365(a) of any PCT international application(s) which designated at least one country other 

2 than the United States of America, listed below and have also identified below, by checking the box, any foreign application(s) for 
patent, inventor's or plant breeder's rights certificate(s), or any PCT international application(s) having a filing date before that of the 

4 application on which priority is claimed. 
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9901725 



Country 

Spain 



Foreign Filing Date 

30 July 1999 
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^ I hereby claim domestic priority benefits under 35 United States Code §120 of any United States application(s), §119(e) of any United 
; States provisional application(s), or §365(c) of any PCT International application(s) designating the United States, listed below and, 
insofar as the subject matter of each of the claims of this application is not disclosed in a listed prior United States or PCT 
International application in the manner provided by the first paragraph of Titie 35, United States Code, §112, 1 acknowledge my duty 
to disclose any information material to the patentability of this application as defined in 37 C.RR. 1,56 which occurred between the 
filing date of the prior application and the national or PCT international filing date of this application: 



Prior U.S. or Ii^mational Application Nimii>er(s) 

PCT/ESOO/00277 



U.S. or International Filing Date 

27 July 2000 



status 



I hereby appoint all attorneys of SUGHRUE MION, PLLC who ai^ Usted under tiie USPTO Customer Number shown below as 
my attorneys to prosecute this application and to transact all business in the United States Patent and Trademark Office connected 
therewith, recognizing tiiat die specific attorneys listed under that Customer Number may be changed from time to time at the sole 
discretion of Sughrue Mion, PLLC, and request tiiat all correspondence about the application be addressed to the address filed under 
the same USPTO Custonaer Number. 
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PATBNT-raADEMARK OFFICE 



I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief 
are believed to be true; and fiirther that these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under 18 U.S.C. 1(X)1 and that such willful false statements may jeopardize the 
validity of the application or any patent issued thereon. 
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